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Background and purpose — Failed closed treatment of carpal 
tunnel syndrome (CTS) is often followed by surgery. We investi- 
gated whether preoperative steroid injections could have a nega- 
tive effect on the long-term outcome of the operation. 

Patients and methods — 174 hands (164 patients) were oper- 
ated on by a single surgeon at Tartu University Hospital in 2005. 
The patients were interviewed by telephone 5-6 years after the 
operation. Self-reported data were gathered retrospectively con- 
cerning the number of steroid injections received before the sur- 
gery and the perceived regression of symptoms (on a 100-point 
numeric rating scale) at the time of interview. The patients were 
also asked about the presence of specific symptoms of CTS if 
regression of their symptoms had not been complete. 

Results — 93 of the 174 hands had complete regression of symp- 
toms. Each additional injection was associated with an increased 
risk of occurrence of pain (RR = 1.1, 95% CI: 1.02-1-2), paresthe- 
siae (RR = 1.1, CI: 1.1-1.2), and nocturnal awakenings (RR = 1.2, 
CI: 1.1-1.3). There was a weak association between the number of 
injections and the score given to regression of symptoms. 

Interpretation — This is the first study to indicate that patients 
who received a greater number of local steroid injections preop- 
eratively were more likely to have postoperative complaints asso- 
ciated with CTS. 



The prevalence of CTS in the general population has been 
estimated to be 1-5% (Atroshi et al. 1999, Stephens et al. 
2008, Shiri et al. 2009). Non-steroidal anti-inflammatory 
drugs, diuretics, vitamin B6 injections, ultrasound therapy, 
laser therapy, acupuncture, magnetic therapy, bracing and 
local steroid injections have been used for closed treatment 
(Armstrong et al. 2004, Huisstede et al. 2010a). Effective 
results in the short-term treatment of CTS have been dem- 



onstrated clearly only for bracing and local steroid injections 
(Carlson et al. 2010, Huisstede et al. 2010a). For surgery, both 
open and endoscopic methods are used, although no benefit 
in long-term results has been demonstrated with endoscopic 
operation (Huisstede et al. 2010b). Since there is no consen- 
sus on the superiority of conservative treatment or immediate 
surgical treatment, therapy that first relies on steroid injec- 
tions has been recommended (Verdugo et al. 2008, Shi et al. 
201 1). Although some patients may achieve long-lasting relief 
of symptoms after injection(s), many often fail to respond to 
subsequent injections and are operated on (Armstrong et al. 
2004, Verdugo et al. 2008). Assessments of the outcome of 
surgical treatment in the literature have mostly concentrated 
on the differences between endoscopic and open methods, and 
less attention has been paid to the effects of pre- and postop- 
erative treatment. 

We have not found any studies that investigated the effect of 
preoperatively performed local steroid injections on the long- 
term outcome of surgical carpal tunnel release. Although not 
directly comparable, a recent systematic review of the treat- 
ment of tendinopathy with corticosteroids highlighted their 
harmful medium and long-term effects in lateral epicondylitis 
(Coombes et al. 2010). Thus, based on clinical suspicion and 
on inconsistencies in the published results on the long-term 
effectiveness of local steroid injections, we hypothesized that 
preoperative steroid injections might worsen long-term post- 
operative outcome in patients with CTS. 



Patients and methods 

This study was approved by the Ethics Review Committee on 
Human Research of the University of Tartu. Informed consent 
was obtained from all participants. 
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In January and February of 2011, we interviewed by tele- 
phone all patients with a diagnosis of CTS who had under- 
gone surgical treatment during 2005 at the Neurology Clinic 
of Tartu University Hospital (Department of Neurosurgery). 
The patients were diagnosed based on well-defined clinical 
findings, including the results of nerve conduction studies in 
a few cases where the diagnosis was in doubt. The surger- 
ies were performed by the same neurosurgeon using the same 
technique of open carpal tunnel release. Local anesthesia with 
bupivacaine hydrochloride (5 mg/mL) and epinephrine (5 [ig/ 
mL) was used for anesthesia in all cases. The maximum dose 
never exceeded 5 mL. The length of the skin incision in the 
wrist area was 3-4 cm. Bipolar diathermy was used for hemo- 
stasis. The flexor retinaculum was incised with scissors and 
epineural neurolysis was performed when deemed appropri- 
ate. Skin was closed using single sutures. A tourniquet was not 
used for regional hemostasis. A neutral-position wrist splint 
was used for postoperative immobilization for 2 weeks. 

The data collected at the interview included the efficiency 
of surgical treatment at the time of interview, any complaints 
related to CTS in the operated hand, and the number of pre- 
operative steroid injections received. To evaluate the efficacy 
of treatment, we asked the patients to assess any alleviation of 
their preoperative symptoms on a numeric rating scale (NRS) 
from 0 to 100 points where 100 points corresponded to abso- 
lute regression of symptoms and 0 points corresponded to a 
lack of any effect of surgical treatment, including worsening 
of symptoms. Patients who were not free from symptoms were 
also asked about the presence of persistent or new complaints 
associated with CTS without any further assessment of sever- 
ity of complaints. Concerning persistent or new complaints, 
we addressed disease-associated symptoms such as nocturnal 
awakening, paresthesiae, pain, muscular weakness, and numb- 
ness. The injections had been administered by neurologists 
who had referred the patients to a surgeon from a catchment 
area corresponding to around 500,000 people. The period 
over which the injections had been received was not limited 
to a specific interval before the surgery. The patients were not 
specifically aware of the study hypothesis, and the question 
regarding the number or corticosteroid injections was the last 
one to be asked. 

Of the 251 hands (235 patients) operated on in 2005, 174 
hands (164 patients) were included in the study (Figure 1). 10 
patients had already died at the time of interview; 2 of them 
had had bilateral operations in 2005. For 50 patients the con- 
tact information was incomplete, which meant that 54 hands 
had to be excluded. 7 patients could not recall whether or not 
they had received local steroid injections and they were also 
excluded. In 2 patients CTS was caused by a traumatic hand 
injury and in 2 patients the carpal tunnel release was a revision 
operation. 

The mean age of the patients in the study at the time of inter- 
view was 60 years (range 32-93, SD 11.5). 25 patients were 
male (25 hands, 14%) and 138 were female (149 hands, 86%). 
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the study 
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Carpal tunnel syndrome 
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injury, 2 patients 
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Revision surgery for 
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Figure 1 . inclusion of patients. ^ Information about steroid injections was 
considered to be adequate if the patients remembered being injected. 
Due to the limitations in study design, the patient-reported numbers 
were not objectively verified by medical source data, although none 
of the patients specifically expressed difficulty in recalling the number 
of injections. 



Statistics 

The relationship between the presence of specific complaints 
and the number of injections received was analyzed using a 
random-effects logistic regression model adjusted for age and 
sex. A log-binomial model for binary outcomes was used to 
estimate relative risks (RRs). The relationship between the 
number of injections and regression of symptoms was exam- 
ined with Poisson test. Results were considered to be statisti- 
cally significant when the p-value was less than or equal to 
0.05. Data were analyzed using the software packages R (ver- 
sion 2.15.2) and PASW Statistics 18. 



Results 

127 hands (73%) had received local steroid injections. On 
average, each hand had received 2.2 injections (range 0-10, SD 
2.4). 27 patients had received more than 3 injections (Figure 
2). For 120 hands (69%), the patients judged their regression 
of symptoms to be equal to or greater than 90 points on the 
NRS (Figure 3). The mean NRS score given by the patients 
for their regression of symptoms was 85 points (0-100, 95% 
CI: 81-89). The mean NRS score did not differ significantly 
in patients who had received steroid injections and those who 
had not, with the mean score in the former being 88 points 
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Figure 2. Numbers of patients wlio received specific numbers of injec- 
tions. 
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Figure 3. Distribution of scores for regression of symptoms, on numeric 
rating scale (NRS). 



(20-100, CI: 83-94) and that in the latter being 84 points 
(0-100, CI: 79-88). 93 hands (53%) were completely free 
from symptoms at the time of interview. 40 patients still com- 
plained about the occurrence of paresthesiae, 40 of pain, 36 of 
numbness, 30 of muscle weakness, and 18 of nocturnal awak- 
ening. 

The risk of occurrence of all complaints was higher in 
patients who had received local steroid injections before sur- 
gery than in those who had not, although the increased risk 
was statistically significantly higher for pain, paresthesiae, and 
nocturnal awakenings. Each subsequent injection increased 
the risk of occurrence of pain (RR =1.1, 95% CI: 1.02-1.2. 
p = 0.04), paresthesiae (RR = 1.1, CI: 1.1-1.2, p = 0.007), 



Distribution of injections among patients with and without specific com- 
plaints and complete regression of symptoms 



RR (95%CI) p-value No Yes 

mean (range) mean (range) 



1.98(0-10) 2.90(0-10) 
3.18 (0-10) 



Pain 

1.11 (1.02-1.20) 0.04 
Paresthesiae 

1.14(1.06-1.22) 0.007 1.90(0-10) 
Nocturnal awakenings 

1 .22 (1 .09-1 .36) 0.003 1 .99 (0-1 0) 3.89 (0-1 0) 
Complete regression of symptoms 

0.94(0.86-1.01) 0.09 2.52(0-10) 1.90(0-10) 



Density 
A 0.30- 

0.20- 

0,10- 

0.00- 



Pain NO 
Pain YES 




~\ 1 r 

2 4 6 
Number of injections 



8 10 



Density 
B 0.30 



Paraesttiesiae NO 
Paraesthesiae YES 




~[ 1 1 r~ 

2 4 6 8 
Number of injections 



Density 
C 0.30- 

0.20- 

0,10- 

0.00- 



— Nocturnal awal<enings NO 
Nocturnal awakenings YES 




2 4 6 8 
Number of injections 



Density 
D 0 30 



Complete regression NO 
Complele regression YES 




~l I I T" 
2 4 6 8 
Number of injections 



Figure 4. Distribution of injections in patients with and without pain (A), 
paresthesiae (B), nocturnal awakening (C), and complete regression 
of symptoms (D). 



and nocturnal awakening (RR = 1.2, CI: 1.2-1.4, p = 0.003). 
Patients who had specific complaints had received more injec- 
tions on average than those with no complaints (Table 1 and 
Figure 4). The same was true for patients who had incomplete 
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regression of symptoms. There was a statistically insignificant 
weak association between the number of injections and the 
score given to the regression of symptoms. 



Discussion 

The effect of local injection treatment before the operation on 
the long-term outcome of carpal tunnel release has not been 
described in the literature. The results of our findings indi- 
cate that those surgically treated patients who had received a 
greater number of steroid injections preoperatively are at an 
increased risk of suffering from pain, paresthesiae, and noc- 
turnal awakening. 

Treatment with local steroid injections improves the clinical 
symptoms of CTS in the short term, and it has been considered 
to be safe (Armstrong et al. 2004, Milo et al. 2009). Patients 
with CTS have a higher tissue pressure (32-110 mmHg) 
within the carpal tunnel than patients with normal hands (2-3 1 
mmHg) (Gelberman et al. 1981). The potential mechanism of 
action of local steroid injection has been thought to involve 
reduction of swelling in the flexor tendon synovials (Carlson et 
al. 2010). However, as the Schwann cells of peripheral nerves 
express glucocorticoid receptors and because glucocorticoids 
promote the formation of myelin in vitro, it is possible that 
the clinical effect of steroid injections in CTS is at least in 
part based on the modulation of myelin synthesis (Morisaki 
et al. 2010). Improvement in electrophysiological parameters 
as opposed to clinical symptoms after local steroid injections 
is moderate — and even minimal in moderate and severe forms 
of the disease (Prick et al. 2003, Lee et al. 2009, Milo et al. 
2009). 

The main complication of local steroid injections is intra- 
neural injection of steroid, which can cause degeneration of 
myelin and axons (Haase 2007). However, the incidence of 
median nerve injury from intraneural injection has been esti- 
mated to be less than 0.1% when performed by an experienced 
physician. It has not been established how many times an 
injection should be repeated and how long the period between 
successive injections should be. It has been suggested that a 
positive response to a steroid injection might predict the effi- 
cacy of surgical treatment (Carlson et al. 2010). The patients 
in our study who had received more steroid injections had a 
greater risk of occurrence of pain, paresthesiae, and noctur- 
nal awakenings, which might support the notion of favoring a 
smaller number of injections. 

Furthermore, there is a lack of consensus on the long-term 
effectiveness of steroid injections (Bland 2007). Some authors 
have found that 18 months on average after an injection, 22% 
of patients are completely free from complaints (Gelberman 
et al. 1980). Shorter duration of symptoms before the initia- 
tion of injection therapy appears to be a positive predictor 
of outcome of treatment (Kaplan et al. 1990). A study con- 
ducted by Padua et al. in 2001 on the natural history of CTS 



105 



found that after a period of 10-15 months, roughly a quarter 
of all patients improved spontaneously without any therapy, 
a quarter worsened, and about one half remained the same. 
There tended to be clinical worsening in those who had been 
diagnosed with a mild form of CTS at presentation, and there 
tended to be improvement in those who initially presented 
with more severe disease (Padua et al. 2001). Thus, it cannot 
be excluded that an apparently good long-term response to 
steroid injections might be caused by the natural course of the 
disease. 

Our results also indicated that 5 years after the operation, 
two-thirds of all patients considered the regression of symp- 
toms to be excellent (90-100 points). These results are in 
accordance with previously published reports (Prick et al. 
2003, Milo et al. 2009). 

Our study had several limitations. As it was retrospective, 
we lacked data on the reasons why some patients had received 
more injections than others. Therefore, a more frequent occur- 
rence of symptoms may have been the result of a more severe 
disease at presentation, which had progressed to a stage where 
surgical treatment failed to provide sufficient relief. Since 
not all steroid injections were performed at Tartu University 
Hospital, it is also possible that the patients who had received 
more injections were later referred for surgical treatment, 
which could have had a negative effect on the long-term out- 
come. Also, the number of injections received was based on 
the information provided by patients themselves, leaving the 
possibility of recall bias. 

As the groups were not randomized, we are unable to assess 
the causality of relationships observed. We can only assume 
that patients referred to surgical treatment had moderate or 
severe disease. Also, we lack data concerning the outcome of 
patients who never proceeded to surgery after a local steroid 
injection. 

The lack of assessment of complaint severity could also be 
considered to be a limitation. There were patients in the study 
who complained of pain but rated their regression of symp- 
toms to be equal to or greater than 90 points. On the other 
hand, there were patients with pain who judged the effect of 
treatment to be non-existent. Although the assessment of pain 
is also to some extent reflected in the assessment of regression 
of symptoms, it would have been interesting to see if there 
was an association between treatment received and the inten- 
sity of pain. It has been demonstrated that many CTS patients 
who have undergone surgical release consider the operation to 
have been unsuccessful if pain still persists in the wrist region 
(Prick et al. 2003). Since we had no information about the 
occurrence of preoperative pain, it is possible that patients 
with pain rated the regression of their symptoms more pes- 
simistically than those in whom pain was not a feature of the 
clinical presentation of CTS. This, in turn, could have had an 
influence on the results. 

As we did not perform electroneuromyography on our 
patients 5 years after the operation, we were unable to assess 
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the effect of preoperative steroid injections on the electro- 
physiological parameters. Studies have shown that immediate 
surgical treatment for electrodiagnostically established CTS 
is more cost effective than conservative treatment with steroid 
injections and bracing (Korthals-de Bos et al. 2006, Pomer- 
ance et al. 2009). The optimization of pre- and postoperative 
treatment in carpal tunnel release should be a topic for further 
research — considering the prevalence of CTS, the economic 
loss caused by such disability, and its burden on the healthcare 
system. 
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